Introduction
The interest in the oxygen adducts of metal We recently found that Co(acacen) and Co(bzacen) complexes also catalyze the oxygen incorporation into 3-methylindole to give o-formylaminoacetophenone in solution at ambient temperature. In this paper, the mechanism of the 02-uptake reaction will be discussed.
Experimental
Materials All solvents were dried and then distilled before use. 3 
-Methylindole was recrystallized several times
Requests for reprints should be sent to Prof. M. Miwa, Department of Industrial Chemistry, Faculty of Engineering, Seikei University, Musashino-shi, Tokyo 180, Japan.
0340-5087/79/0300-0442/$ 01.00/0 from a mixture of water and ethanol and stored under nitrogen. o-Aminoacetophenone was obtained from commercial source (Tokyo Kasei Co.) and used without further purification. o-Formylaminoacetophenone was prepared by the oxygen incorporation of 3-methylindole using Co(salen) complex according to the described method [4] .
Preparation of complexes
All preparation and manipulation of the cobalt complexes were carried out under nitrogen atmosphere. The Schiff bases, N,N'-ethylenebis(acetylacetonimine) and N,N'-ethylenebis(benzoylacetonimine) were prepared by the method of Martell and his coworkers [5] . The cobalt complexes were prepared by modifications of the method of Everett and Holm [6] . Samples were stored in glass tubes, which were sealed off in vacuo. The cobalt contents in the complexes were determined by the spectrophotometry method, using nitroso-R salt; Calcd. 21.0, Found. 20.7% for Co(acacen) and Calcd. 14.5, Found. 14.8% for Co(bzacen). R = CH3; Co(acacen) 1 R = C6H5; Co(bzacen) 2
Analyses of reaction products
Solvents employed in this work are methanol for Co(acacen) and DMF for Co(bzacen). In a typical experiment, 0.4 mmole of cobalt complex and 2.0 mmole of 3-methylindole are dissolved in 60 ml solvent methanol thoroughly degassed and the solution is placed in 25 ml flask connected to a manometer attached to a vacuum line. The system is degassed and evacuated to an initial pressure corresponding to the solvent vapor pressure at room temperature. A gas of oxygen is then added to the system until pressure between 650 mm and 760 mm is obtained, and the solution is well stirred. After an appropriate time, the solution mixture is evaporated in vacuo and chromatographed on a silica gel column. The products obtained are analyzed by means of TLC and GC-Mass spectrometer comparing with authentic samples. The reaction conversion of the substrate to products is determined by a gas chromatography, using Shimazu Model GC-1C gas Chromatograph. The column employed is silicon DC-550 (5%);
1.5x2 0; column temperature, 150 °C; injection temperature, 150 °C. The GC-Mass spectra were recorded using Finnigan Model 330 E spectrometer.
O2 uptake measurements
Oxygen absorption in solution by cobalt(II) complex itself and cobalt(II) complex-substrate adduct were determined by pressure measurement at constant volume and constant temperature, using mercury manometer attached to vacuum line.
Spectral measurements
Measurements of electronic spectra were performed using Hitachi Model-124 spectrophotometer. Preparations of complex solutions and measurements of the spectra were achieved in the absence of oxygen and moisture. Spectral changes due to a new complex formation in solution containing substrate, original cobalt complex and oxygen were monitored using a reaction vessel having side glass tube, quartz cell and vacuum stopcock which could be evacuated.
l H NMR measurements
X H NMR spectra were recorded using Varian Model T-60 spectrometer in CDCI3 solution relative to Me4Si as an internal standard. Samples were prepared as follows. Solid Co(acacen) (16 mg) was placed in the pyrex cell for measurements, and the system was well evacuated, whereinto CDCI3 containing Me4Si was transferred by vacuum-distillation. The cell was sealed off in vacuo, and then used for measurement of the spectrum of Co(acacen) in the absence of oxygen. By introducing oxygen into the system, the initial spectrum and spectral changes due to the reaction of the cobalt complex with oxygen were recorded as time elapsed. The deoxygenated CDCI3 solution (3 ml) containing Co(acacen) (16 mg) and 3-methylindole (22.5 mg) was prepared by the similar manners. The spectra were also measured under anaerobic and aerobic conditions.
Results and Discussion

Oxygen uptake measurements
The typical reaction of 3-methylindole w r ith oxygen in the presence of cobalt(II) planar complex gave two products, 3 and 4; the former is a main product and the latter only a minor product. From 
Spectral observation
The spectral changes due to the complex forma- A significant feature of Co(bzacen) is the approximate coplanarity of the phenyl substituents with the Schiff base-cobalt plane [7] . This could facilitate 7r-electron derealization within the cobalt-Schiff base group, which stabilizes the planar structure, and this may be also reflected on the difference of 
H NMR observation of over-all reaction
Solvent
This corresponds to the previously reported fact that the Co(salen) complex forms the binuclear adduct with DMF, in which the oxygen molecule bridges between the two cobalt centers [9] .
On the NMR measurements of the CDCl3 solution containing 3-methylindole as a substrate, Co(acacen) and its oxygen adducts as catalyst, and o-formylaminoacetophenone as a product, their methyl signals were convenient to distinguish them, since they were more explict and more separated than those of phenyl groups and other protons.
The methyl proton of free substrate in CDCI3 solution resonances at 2.28 ppm. On the other hand, in the absence of oxygen the spectrum of the system consisting of Co(acacen) and substrate show only one peak at 2.43 ppm in the usual upfield range (Fig. 3a) . This is due to the methyl group of As soon as excess oxygen was introduced into the system of Co(aeaeen) and substrate, the methyl signal of the substrate was shifted to upfield (2.38 ppm) and new two weak peaks appeared at 1.99 ppm and 1.82 ppm (Fig. 3 b) . As the reaction progressed, the methyl proton of substrate shifted to the more upfield, and the intensity was decreased.
However, at the final state the intensity of substrate methyl signal did not diminish, but became nearly equal intensity to those of the other two methyl signals, the chemical shift of which was 2.30 ppm (Fig. 3d) . 
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